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MITK6 H01L 21/60, 21/70, 25/00/27/00 
H05K 3/36, 3/42, 3/46, 13/04 

OflHOKpMCTcLFlbHblM MOflyjlb HC 
llpo6jieMa 3(|)4)eKTHBHOH 3amHTbI KpHCTaJlJlOB COBpeMCHHblX HC OT 

bhcuihhx B03AeHCTBMH ABJiJieTCfl rjiaBHefiiueH b o6ecneneHHH KanecTBa h Ha- 
AOkhocth 3jieKTpoHHofi annapaTypu Ha cTaflM^x npoM3BOflCTBa, HcnbrraHHH h 
3KcnnyaTauMM. 3Ta npo6jieMa pemaeTCfl c noMombio HHAHBHAyajibHoro Kop- 
nycwpoBaHH5i KpHCTajina HC, T.e. pa3MemeHH* Kpncrajuia b cneunajibHOH Kan- 
cyjie, BbinojiHeHHOH jih6o b BHAe mohojihthoix), KaK npaBHJio, H3 ruiacTMaccbi, 
Kopnyca, jih6o b BHAe Kopnyca H3 pa3JiMHHbix MaTcpHanoB c nojiocTbK) j\nn 

KpHCTaJlJia. EIpH 3TOM KOHTaKTHbie nJlOllWlKH KpHCTaJlJia 3JieKTpHHeCKM CBH3a- 
Hbl C BblBOAHblMH KOHTaKTaMH, BCTpOCHHblMH B KOpnyC, nOCpeACTBOM KOTO- 

pbix npoH3BOAHTca MOHTa^c HC Ha KOMMyTauMOHHOH njiaTe. TaKHM o6pa30M, 
noMHMO 3amHTbi KpHCTamia, Kopnyc c BbiBOAHbiMH KOHTaKTaMH HrpaeT pOJlb 
CB«3yioLuero 3JieMeHTa jxnn HHTerpauHH KpHCTaJlJia HC b eAHHyio sjieKTpnne- 
CKyio cxeMy annapaTypw. 

KpoMe 3amHTHbix h MOHTa>KHbix 4>yHKUHH, Kopnyc AOjmeH BbinojiH5m> 
4>yHKUHH TenjiopacceHBaiomero 3JieMeHTa 5 nocKOJibKy b npoijecce pa6oTbi b 
cocTaBe annapaTypbi KpHCTajuibi HC BbmejiflioT 3HaHHTejibHyio TenjioByio 
MomHOCTb (ao 70 Bt MC Alpha 21264). KpoMe toto, npH TaKTOBWx 
nacTOTax 6ojiee 50 Mru m h oroBbi bo ah bix HC CTaHOBHTca aicryajibHOH 

npoGjieMa napa3HTHbix HMneAaHcoB, B03HHKaioinHX H3-3a noAKJHoneHHfl k 
KOHTaKTHbiM njiomaAKaM KpHCTajina HC 3J1Cmchtob Kopnyca h TonojiorHHe- 

CKHX 3JieMeHTOB KOMMyTaUHOHHOH HJiaTbl, HMeiOIUHX COGCTBeHHbie HHAHBHAy- 

ajibHbie h B3aHMHbie cmkocth h HHAyKTHBHocra, He noAaaiomnecfl 34>4>eKTHB- 
HOMy yneTy h KOMneHcaunn, h CHH^caiomne Ha 6ojibiuHx nacTOTax cooTHome- 



HHe CHraaji/iuyM b jihhhax o6MeHa CHraajiaMH MeacAy KpHcraiuiaMH b cocTaBe 
eAHHoro y3Jia annapaTypbi. 

C poctom creneHH HHTerpauHH h pa3MepoB KpHCTanjioB HC, poctom 

TaKTOBOH HaCTOTbl, TenJIOBblAeJieHHJI H yBeJIHHeHHeM KOJIHHeCTBa KOHTaKTHblX 

nJiomaAOK yacecroHaiOTCH Tpe6oBaHH» k xapaKTepHCTHKaM KopnycoB KaK cpeA- 
CTBy ynaKOBKH KpHCTajuioB HC ajih mx HHTerpauHH b annapaType. B HacToa- 
iuee BpeMfl, Koraa CTeneHb HHTerpauHH HC AOcraraeT 10 h 6ojiee mhjijihohob 
TpaH3HCTopoB, TaKTOBbie MacTOTbi BiuiOTHyio noAOiiiJiH k py6e>Ky 1 ITu, pa3- 
Mepw KpHCTajuioB - 6ojiee oahoto kb.cm., TenjioBbiAcneHHe - accatkh Bt, a 
KOJiHHecTBO KOHTaKTOB npeBbiiuaeT 500, 3HaneHHe 3-JieMeHTOB Kopnyca ann 
KpHCTajuioB HC (rrajio onpeAejiflioiuHM <J>aKTopoM b Hcnojib30BaHHH HC, a ot 
coBepiueHCTBa KOHCTpyKUHH oAHOKpHCTanbHoro MOAyJi« 33BHCHT CTeneHb co- 
xpaHeHH* hcxoahmx xapaKTepHCTHK KpHCTanjia HC, 3ajio»eHHbix b Hero npH 

npOeKTHpOBaHHH H H3rOTOBJieHHH. 

Jlio6aH KOHCTpyKUHfl Kancyjibi (Kopnyca) OAHOKpHCTanbHoro uoaynn HC 
cHH^caeT, b toh hjih hhoh CTeneHH, ocHOBHbie HCXOAHbie napaMeTpbi KpHCTan- 
jia. HanpHMep, ajia KpHCTajuia HC KJiacca Pentium 266 MMX b CTaHAapTHOM 
Kopnyce Socket 7 mojkho npHBecra oneAyiomHe oueHKH kos-^huhchtob oc- 
jia6jieHHH hcxoahwx xapaKTepHCTHK KpHCTajina: 

- no MacTOTHbiM xapaKTepHCTHKaM - 4 (T.e. TaKTOBaa nacTOTa KpHCTajuia 
266 MTu, a MaKCHMajibHbie TaKTOBbie nacTOTbi BHe Kopnyca Ha KOMMyTauHOH- 
hoh njiaTe - 66 MTu); 

- no ra6apHTHMM xapaKTepHCTH KaM - 50 (T.e. njiomaAb KpHCTajuia - no- 
p^AKa 1 cm 3 , a njiomaAb, 3aHHMaeMaa oAHOKpHCTajibHbiM MOAyJieM b craH- 
AapTHOM KepaMHHecKOM Kopnyce Socket 7 Ha KOMMyTauHOHHofi njiaTe - b 50 
pa3 6ojibine); 

- no BecoBbiM xapaKTepHCTHKaM - 100 (T.e. KpHCTajui BecHT 0,5 rpaMMa, 
a b oAHOKpncTajibHbiH MOAyJib Ha 6a3e cTaHAapTHoro Kopnyca Socket 7-50 
rpaMM); 



{►8122022 

F 04 B 23/10 
ra30>KiiAKOCTHhix cMecefi h nopmHeBofi Hacoc 

H3o6peTeHHe othocmtch k cnoco6aM HaraeTaHHfl ra3a h ra30^cnziKOCTHOH 

CMCCH nopiUHeBbIM HaCOCOM, B MaCTHOCTH, JUin 6ypeHH^, OCBOCHHfl CKBa^CHH H 
A06bIHH He(})TH. 

UlHpOKO H3BeCTHbI CnOC06bI HarHeTaHH^ ra30>KH,aKOCTHOH CMeCH nopiiiHeBbiM 

HacoeoM, co/iep^KamHM paGonyio KaMepy c BcacbiBaiomHM h HarneTaTejibKbiM 
KjianaHaMH, npH kotopom ra3 hjih ra3o^cHflKOCTHyio CMecb c 3a,aaHHbiM 
H36biTO^HbiM jiaBJieHHCM bbojoht HcnocpeACTBCHHO b pa6o^yk) KaMepy nopuiHeBoro 
Hacoca. TaKOH cnoco6 onncaH, HanpHMep, b Abtopckom CBHAeTejibCTBe CCCP 
Jfe7l4044 (F 04 B 23/10, ony6ji. 05.02.80) h kotopmh no3BOJi*eT a^eicraBHO 
peuiaTb 3a,naHy nepeKaMKH ra303KH,aKOCTHbix cMeceii. 

HeziocTaTKOM H3BecTHoro cnoco6a hbjlhctch Heo6xo£HMOcn> npHMeHeHH* 
AononHHTejibHbix KaMep h ycjio^cHeHHOH KOHCTpyiajHH nopuiHeBoro Hacoca. 

IJenbio H3o6peTeHiw hbjihctch ynpomeHHe KOHCTpyKimH, CHH^ceime 
MCTaiuioeMKOCTH, noBbiuieHHe Hafle>KHOCTH paGora. 

FfocTaBjieHHaH uejib flOCTHraeTCH TeM, mto cnoco6 nepeKaqxn 
ra30^aiflKOCTHbix CMecefi nopumeBbiM HacocoM, co^ep^caiiiHM pa6oHHe KaMepu c 
BcacBiBaiomHMH h HarHeTaTejibHbiMH KJianaHaMH, nyreM BBoaa ra30HGiOKOCTHOH 
CMecH no KpafiHeii Mepe b OAHy pa6onyio KaMepy nozi H36biTOMHbiM aaBJieHHeM b 



r 



Cnoco6 nepeKaMKH 



- no ueHOBbiM xapaKTepHCTMKaM - 10 (t.c oueHKa ueHbi KpHCTajuia y H3- 
roTOBMTeji)! - 20$, a npoaa>KHa^ ueHa MC b KepaMMHecKOM Kopnyce Socket 7 - 
200$; c yneTOM Bcex nocneACTBHH ocjia6jieHH« xapaKTepHCTHK KpHCTajuia H3- 
3a KopnycHpoBaHHH, oueHKa ueHOBoro K034><|)HUHeHTa MoaceT AocrnraTb 100 h 
6oJiee). 

B nocjie^Hee BpeMfl HaHGojiee mHpoKoe Hcno.nb30BaHHe ajia cjio^chmx 
KpHCTajuioB BbicoKOH cTeneHM HHTerpauHH nojiyHHJiH MeTajuioKepaMHMecKHe 
Kopnyca b craHflapTe PGA c chctcmoh BbiBOAHbix KOHTaKTOB b BH/ie iiiTbipbKOB 
(Pin Grid Array - MaTpHua niTbipbKOBbix KOHTaKTOB) c kojihmgctbom uiTbipbKOB 
jxo 400 h 6ojiee. Kopnyca PGA c Gojimuhm kojihhcctbom bliboaob MOHTHpy- 

K>TCfl Ha KOMMyTaUHOHHOH njiaTe c noMombio p03eTKH C HyJieBbIM yCHJlHCM, 
nOCKOJlbKy npH 60Jlblll0M KOJIHHeCTBe KOHTaKTOB yCHJIHH BBO^a H BblBO^a 
6oJlbllIOrO KOJIHHeCTBa LUTbipbKOB B 06bIHHyiO p03eTKy CTaHOBHTCfl CpaBHHMbl- 

mh c ycHJiH^MH pa3pyiueHHa 3JieMeHTOB PGA-Kopnyca h csmoh po3eTKH. 

M3BeCTeH OAHOKpMCTaJlbHblH MO^yJIb HC, H3rOTOBJieHHbIH C HCnOJlb30- 

BaHHeM PGA-Kopnyca, BKjnonaioiuero ocHOBaHHe H3 KepaMMKH b <J)opMe KBafl- 
paTHofl njiacTHHbi c KBaApaTHbiM yrjiyGjieHHeM b ueHTpe njiacTHHbi, npe^Ha- 
3HaneHHOM juin pa3MeiueHH>i KpHCTanjia HC, npHMeM jxho yrjiy6jieHHfl, b Meere 

nOCa^KH KpHCTaJIJia - MeTaJlJIH3HpOBaHO, BblBOflHbie KOHTaKTbl LUTblpbKOBOrO 

THna,.pacnojio^eHHbie no nepM<J)epHH ocHOBaHHfl co CTopoHbi KBa^paTHoro yr- 
jiy6jieHUH paBHOMepHo b HecKOJibKO pa^OB b 3a#aHHOH KoopAHHaTHOH ceTKe, 
TpaBepcw c KOHTaKTHbiMH nnomaAKaMH, pa3MemeHHbiMH paBHOMepHo no ne- 
pHMCTpy Kpa^ KBa^paTHoro yrjiy6jieHHH, npeAHa3Ha4eHHbiMH j\nn npHBapKH 
npoBOAHHKOB, oflHH KOHUbi KOTopbix npHBapeHbi k KOHTaKTHbiM njiomaAKaM 
KpHCTajuia MC, 3aKpenjieHHoro Ha jxut yniy6.neHHfl, a Apyrae - k KOHTaKTHbiM 
njioma^KaM TpaBepcbi, CHCTeMy npoBOAHHKOB, coeAHHfliomHX KOHTaKTHbie 

miOLUaAKH TpaBepCbl C BblBOAHblMH KOHTaKTaMH LUTblpbKOBOrO THna, BblHOJl- 
HeHHyK) B BH^e MHOrOCJIOHHOH KOMMyTaUHOHHOH CTpyKTypbi, C^OpMHpOBaH- 
HOH B npOUeCCe H3rOTOBJieHHfl OCHOBaHHfl H HaXOA^LUeHCH BHyipH OCHOBaHHH, 
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npoBOflHHKH KOTopofi BbinojiHeHbi H3 TOKonpoBOAaiuefi nacTbi MeTO^aMH Tpa- 
4)apeTHoii neHaTM, KpbiuiKy, KOTopaa nocne npwnaHKH o6pa3yeT, BMecTe c oc- 
HOBaHHeM, 3aMKHyTbiH o6beM, 3ain,MinaioinHH KpHCTajui h TpaBepcy c npoBo- 

JlOHHblMH npOBOflHHKaMH, npHBapCHHblMH K KOHTaKTHblM RJlOmaflKaM KpH- 
CTaJlJia M TpaBepCbl, OT BHeilJHHX B03AeHCTBHH. npM 60JlbLUOM KOJIMHeCTBe KOH- 

TaKTHbix njioma^oK, Kpaa yriiy6jieHHH c(J>opMHpOBaHbi b bhac HecKOJibKHX yc- 
TynoB-3Ta>KeH, Ha KOTopbix pa3MemaKrrcfl KOHTaKTHbie njiomaAKH TpaBepcbi. 

Flo cymecTBy, ocHOBaHwe npeflCTaBJiaeT co6oh KepaMHHCCKyio MHoro- 
cjioHHyio njiaTy ajia OAHoro KpMCTajuia HC, npuneM KOHTaKTHbie njiomaAKH 
KpHCTajuia, Hepe3 npoBOJioHHyio CBH3b c KOHTaKTHbiMH njiomaflKaMM TpaBepcbi, 

COeflHHeHbl C BblBOAHblMH KOHTaKTaMH LUTblpbKOBOrO THIia, BCTpoeHHbIMM B 

ocHOBaHHe (E.H.EIaHOB, «Oco6chhocth c6opKM cneuMajiH3MpoBaHHbix BMC Ha 
6a30Bbix MaTpHMHbix KpHCTajuiax», MocKBa, «BbicLua^ uiKOJia», crp.37-38, 
Phc.15, 6, 1990 r.). 

/JaHHaa KOHCTpyKUH^ oAHOKpHCTan bHoro MOAyJifl o6ecneHHBaeT xopo- 
myio 3amHTy BHyTpeHHero 3aMKHyToro o6beMa c KpHCTajiJiOM ot bhcihhhx 
B03ACHCTBHH, b T.H. repMeTHMHOCTb, a TaK>Ke HMeeT yAOBJieTBOpHTejibHbie Tep- 
MOMexaHHnecKHe xapaicrepHCTHKM (cTOHKOCTb k noBbimeHHbiM TeMnepaTypaM 
h TepMOUHKJiaM, BbicoKyK) MexaHHHecKyio npoMHOCTb), TennonpoBOAHOCTb 
KepaMHnecKHX AeTajieft, hto no3BOJiaeT npoH3BOAHTb ynaKOBKy Gojimijhx Kpn- 
CTaJiJioB c BbicoKHM TeruioBbiAeneHHeM. 

npH HajiHHHH yxa3aHHbix aoctohhctb, b npouecce npaKTHHecKoro hc- 
nojib30BaHH5i KopnycoB TaKOH KOHCTpyKUHH HMeK)T MecTO cjieAyioiUHe HeAOC- 

TaTKHI OTHOCHTeJlbHO 6oJlblHOH BeC H ra6apHTbl, nOBblUieHHblH K034>4)MUHeHT 

TenjiOBoro paciiJHpeHHfl, hto, npH 6ojibiiiHX ra6apHTax Kopnyca, npHBOAHT k 
TpyAHOCTMM b comacoBaHHH TepMOMexaHHHecKMx napaMeTpoB sjicmchtob 

KOpnyca H KOMMyTaiJHOHHOH IUiaTbl, BblCOKafl CJ10>KHOCTb H TpyAOeMKOCTb H3- 

roTOBJieHHH Kopnyca, a Taicace MOHTa^a KpMCTajuia m pa3BapKM KOHTaKTHbix 
njiomaAOK Ha TpaBepcy, Hcnojib30BaHHe npH c6opxe Ae(^eKTOo6pa3yiomero 
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npojjecca CBapKM, hto CHH>KaeT npoueHT BbixoAa roAHbix npn c6opKe h HaAeac- 
HOCTb b 3KcnjiyaTauHH, b HTore 3HaHMTejibHO noBbiiuaeTCH TpyAoeMKocTb h ce- 

GeCTOMMOCTb H3rOTOBJieHM5I MO^yJlH MC B uejiOM. 

KpOMe Toro, HcnoJib30BaHHe HerpynnoBoro npouecca cBapKH jinx mho- 
roKOHTaKTHbix KpHCTajinoB npHBOAHT k yBejiHHeHHio BpeivieHH c6opKH h yBe- 

J1HHCHHK) BepO^THOCTH c6ofl c6opOHHOH MaiUHHbl, HTO HeraTHBHO BJIHJieT Ha 

npoH3BOflHTejibHOCTb cGopKM h npoueHT Bbixo^a ro^Hbix, h cjie^OBaTejibHo, 

Be^eT K nOBblLUeHHMD Ce6eCTOMMOCTH npOH3BOACTBa OAHOKpMCTaJlbHblX Mojxy- 

KpOMe Toro, KOHcrpyKUHa Kopnyca oTJiHnaeTca cjio^KHOCTbio mhoto- 
cjioMHOM KOMMyTauMOHHOH cTpyKTypbi CMCTeMbi hpoboahhkob BHyTpM Kopnyc- 

HOH pa3BOflKH H HCKOHTpOJlHpyeMblM BJlHflHHeM npOBOAHHKOB pa3BOflKH Apyr 

Ha apyra, BCJie^cTBHe nero hmciot MecTO 6ojibijjHe orpaHHHeHH* no cootho- 
uieHHK) CHrHaji/iuyM npw nepexoAe CMrHajiOB c KOHTaKTHbix njiomaAOK KpM- 
CTajuia Ha BbiBOAHwe KOHTaKTbi. B MTore, nacTOTHbie xapaicrepHCTHKH TaKHx 

KOpnyCOB He n03BOJlflK)T B3aHMOAeHCTBOBaTb KpHCTaJlJiaM Ha KOMMyTaUHOHHOH 

njiaTe Ha nacTOTax, KOTopbie 3ajio>KeHbi b KpHCTajuibi Ha 3Tanax npoeKTHpOBa- 
HHfl h H3roTOBJieHH^ 5 npH npHeMJieMbix moiuhoctax pacceHBaHH^ H TenjioBbix 
Harpy3Kax Ha KpHCTajui. 

. B HacToamee BpeM* Bee Gojiee lUHpoxoe Hcnojib30BaHHe nojiynaiOT koh- 

CTpyKUHH KOpnyCOB C BblBOAHblMH KOHTaKTaMH B BH^e MaTpHUbl BblBOAOB, Bbl- 

nojiHeHHbix b (J)opMe mapHKOB (Ball Grid Array - MaTpHua mapHKOBbix koh- 

TaKTOB). MHOrOKOHTaKTHblX KpHCTaJlJlOB HC LUapHKOBbie BblBOflHbie KOH- 

TaKTbi KopnycoB OAHOKpHCTajibHoro Mojxynn HC, MOHTHpyeMbix Ha OTBeTHbie 
KOHTaKTHbie njiomaAKH, pacnojio>KeHHbie Ha noBepxHOCTH KOMMyTaUHOHHOH 
nenaTHOH njiaTbi, no3BOJi5HOT, b npHHUHne, peuiHTb npo6jieMy BbiBOAOB aji* 
MojxyneR, hmckhuhx ao 1000 BbiBOAHbix KOHTaKTOB Ha Kopnyc. 

HaH6ojiee 6jih3khm k HacTOfliueMy H3o6peTeHHK) no TexHHHecKofi 
cymHOCTH h AOCTHraeMOMy pe3yjibTaTy npH Hcnojib30BaHHH flBjiaeTCfl 
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o^HOKpHCTanbHWH MOAyJit HC Ha 6a3e Kopnyca, BKjnonaiomero ocHOBarine H3 

KepaMMKH B (J)OpMe n/lOCKOH KBaflpaTHOH nJiaCTHHbl C KpHCTaJlJlOM HC, 

pa3MemeHHbiM b ueHTpajibHofi nacra ocHOBaHHH, oT^ejieHHbiM ot TpaBepcbi h 

nJieHOMHOrO HOCHTeJIH CMCTeMbI npOBOAHHKOB BHyTpMKOpnyCHOM pa3BOAKH 

6optmkom H3 H30JiHUHOHHoro MaTepnajia, c(J)opMHpoBaHHbiM no nepMMeTpy 
KpHCTajuia, h cxiy>KamMM jxjin noaaepncKM npoBOJioHHbix coeAHHHTejiefi, 
npMBapHBaeMbix oahhm kohuom k KOHTaKTHbiM njiomaAKaM KpncTaJiJia, a 

ApyrMM — K OTBCTHblM KOHTaKTaM TpaBepCbl, npHMCM CHCTCMa npOBOAHHKOB, 
CBfl3blBaK>mafl KOTaKTHbie n^OLUaAKH TpaBepCbl C BblBOAHblMH KOHTaKTaMH 

Kopnyca, HBJifleTca oahocjiohhoh, a Ha nepH^epHH hochtcjih npoBOAHHKH 

CBfl3aHbI C BblBOAHblMH KOHTaKTaMH, HMCK)UI,HMH UiapOo6pa3HyK> (])OpMy, 
pacn0J10>KeHHbIMH Ha nOBepXHOCTH HOCHTCJIJI B HeCKOJlbKO pHAOB B 3aAaHHOH 
KOOpAHHaTHOH CeTKC KpHCTaJIJl H TpaBepCa OTAeJieHbl OT BblBOAHblX KOHTaKTOB 
c4>epHHeCKOH (J)OpMbI 6opTHKOM KBaApaTHOH (|)OpMbI b nuaHe, 

npeAHa3HaHeHHbiM repMeraHHoro npHKpenjieHHfl KpbiuiKH, 

o6ecneMHBaiouneH 3am,HTy KpncTajuia, TpaBepcbi h pa3Bape_HHbix npoBOJiOHHbix 
ajieMeHTOB ot BHeuuHHx bo3Achctbhh (Texas Instruments Incorporated, Product 
Bulletin TMS320C8x DSPs, Printed in USA by Regal Printing, Dallas, Texas, 
1996). 

.TaKoe BbinojiHeHHe Kopnyca o6ecneHHBaeT xopomne 3JieKTpoAHHaMH- 
necKHe h HacTOTHbie xapaKTepHCTHKH BHyTpHKOpnycHOH pa3BOAKH, t.k. Bee 
npoBOAHHKH pacnojio^ceHbi b oahom cjioe, xopomne TepMOMexaHHHecKHe 
xapaKTepHCTHKH (cTOHKOCTb k noBbiuieHHbiM TeMnepaTypaM h TepMOUHKJiaM), 
xopoiuyK) TenjionpoBOAHOCTb KepaMHHecKHX AeTajien, B03MO>KHOCTb ynaKOBKH 

60JlblHHX KpHCTaJlJlOB MC C 6oJlblllHM KOJIHHeCTBOM KOHTaKTHblX FIJlOmaAOK H C 

BbicoKHM TenjiOBbiAejieHHeM. 

BMecTe c TeM, AaHHaa KOHCTpyKuna Kopnyca HMeeT OTHOCHTejibHO 
6ojibiuHe Bee h ra6apHTbi, noBbiujeHHbin Koa^c^nuneHT TenjioBoro 
paciiiHpeHHfl, co3AaK)iuHH npo6jieMbi npn TepMOMexaHHnecKOM comacoBaHHH 
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KOpnyca H KOMMyTaUHOHHOM nJiaTbl, BblCOKyK) CJ10>KHOCTb H Tpy^OeMKOCTb 
H3rOTOBJieHHH KOpnyCOB H HX (J)HHHUJHOH c6opKH, BKJHOHafl MOHTa)K 

KpHCTa/uiOB, pa3Bapxy npoBOHOHHbix ajieivieHTOB, Mcnojib30BaHMe 
Aec|)eKTOo6pa3yiomeH HerpynnoBOH h MajionpOH3BOAHTejibHOH onepauHH 
CBapKH, hto 3HaHHTejibHO CHH>KaeT npoueHT BblXOfla TO/lHblX B npOH3BOACTBe H 
HaAe^cHocTb MOjxynn b 3KcruiyaTauHH. Bee nepeHHCJieHHbie h e aoctbtkh 

npHBOA^T K pe3KOMy yBeJIHHeHHK) UeHbl MOflyJIH ffJlZ CJIO)KHbIX 
MHOrOBblBOAHblX MC. KpOMe TOrO, 60JlbLU0e KOJIHHeCTBO LUapHKOBblX BblBOAOB, 
npHCOe/lHHaeMblX K OTBeTHbIM KOHTaKTHbIM TlJIOIJUaAKaM KOMMyTaUHOHHOM 

nJiaTbi cnoco6oM "cfniHn-HHn", co3AaeT 6ojibiiJHe TpyAHOCTH npH ocymecT- 
BJieHHH KOHTpouM npouecca m pe3yjibTaTOB MOHTa^Ka MOAyna Ha 
KOMMyTaUHOHHOM nuaTe h upu o6ecneHeHHH KanecTBa h HaAe>KHOCTH 
coe^HHeHHH, BbinojiHeHHbix cnoco6oM "(Jmnn-HMn". 

3ajxana, Ha penieHMe KOTopofi HanpaBJieHO AaHHoe H3o6peTeHHe, 
3aKJiK)HaeTC5i b co3AaHHH o^HOKpHCTajibHoro MOAyJi^ HC 5 cbo6oahoto OT 

HeAOCTaTKOB, nepeHHCJieHHblX Bblllie M npHCyiUHX H3BeCTHbIM TeXHHHeCKHM 

pemeHH^M aHajiorHHHoro Ha3HaneHH^, KOHCTpyKTHBHbie pemeHHfl KOToporo 
ycTpaH^iOT TexHHHecKHe m 3KOHOMHHecKHe npo6jieMbi npH pa3pa6oTKe, 

H3rOTOBJieHHH, c6opKe H npHMCHeHHK) TaKHX MOAyJieH, a TaK>Ke CHMMaiOT 

orpaHHHeHRs Ha TaKHe TexHHHecKHe xapaKTepHCTHKH, KpHTHHHbie jxnn 
H3BecTHbix pemeHHH, xaK TaKTOBaa nacTOTa h otboa BbiAejiaeMoro Tenjia. 

YKa3aHHbiH TexHHHecKHH pe3yjibTaT AOCTnraeTCfl 3a cneT Hcnojib30BaHHfl 
b KOHCTpyKUHH npeAJiaraeMoro OAHOKpHCTajibHoro MOAyna MC opHrHHajibHbix 
KOHTaKTHbix y3JiOB, oGecneHHBaioiUHX BoenpoH3BOAHMyio h HaAe^Hyio 

3JieKTpHHeCKyK) CBfl3b MOKAy 3JieMeHTaMH MOAyJIH npH 60JlbliI0M KOJIHHeCTBe 

BbiBOAHbix KOHTaKTOB, a TamKe HeTpaAHUHOHHbiM pemeHweM Kopnyca MOAyJifl 
h pa3MemeHHM b HeM KpHCTajuia HC h Apyrax 3JieMeHTOB MOAyJifl. 

IlocTaBJieHHa^ 3aAana c AOCTnaceHHe ynoMjmyToro TexHHHecKoro 
pe3yjibTaTa, pemaeTca TeM, hto b OAHOKpHCTajibHOM MOAyJie MC, coAep>KameM 
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ocHOBaHHe c pa3MemeHHbiM Ha HeM KpHCTajuiOM MC, HMeiomeM KOHTaKTHbie 

nJlOlUaAKH, CHCTeMy HpOBOAHHKOB, COeAHH5lK)lUMX, nOCpe^CTBOM 3JieMeHT0B 
KOHTaKTHblX y3J10B, KOHTaKTHbie nJlOLUaflKH MC C BblBOflHblMH KOHTaKTaMH, 

pa3MemeHHbiMH no nepH(|)epHH ocHOBaHHfl b 3aAaHHOH KoopAHHaTHOH ceTKe, h 
KpbiiiiKy, o6pa3yfomyK) BMecTe c ocHOBaHHeM 3aMKHyTbiii o6beM jxnn 

KpMCTaJlJia, 3aiHMmeHHbIH OT BHeillHHX B03 AeH CTBH H , B COOTBeTCTBHH c 

H3o6peTeHweM, ocHOBaHHe BbinojiHeHO b BM^e njiocKOH njiacraHbi, Ha KOTOpofi 
pa3MemeHbi HOCHTejib c 3aKpenjieHHbiM Ha HeM KpHCTajuiOM MC, CHCTeMa 
npoBOAHHKOB, BbinojiHeHHbix b BHfle TOKonpoBOA^mwx flopo^ceK Ha 

nOBepXHOCTH HOCHTeJIfl, COeAHHeHHblX C MeTaJlJlH3HpOBaHHblMH OTBepCTHflMH, 
BbJnOJIHeHHblMH B HOCHTeJie, OAHH H3 KOTOpblX, COBMeCTHO C KOHTaKTHblMH 

njioma^KaMH KpHCTajuia MC, o6pa3yK>T KOHTaKTHbie y3Jibi, coeflHHHioiuHe 

KOHTaKTHbie nJlOLUaZlKH KpHCTaJlJia MC C TOKOnpOBOAflLUHMH aopo)KKaMH Ha 
nOBepXHOCTH HOCHTejlfl, a ApyrHe MeTaJlJlH3HpOBaHHbie OTBepCTHJI, COBMeCTHO 
C BblBOAHblMH KOHTaKTaMH, BbinOJIHeHHbJMH B BWJXfi UJTbipbKOB, pa3MemeHHbIX 

c 3a3opoM b MeTajiJiH3HpoBaHHbix oTBepcTHflx HOCHTejiH, o6pa3yiOT 

KOHTaKTHbie y3JlbI, COeAHHfllOLUMe BblBOAHbie KOHTaKTbl C TOKOnpOBOfl^lllHMH 
£OpO>KKaMH Ha nOBepXHOCTH HOCHTCJlfl, npH 3TOM 3JieMeHTbI KOHTaKTHblX y3J!OB 

coeAHHeHbi Me>KAy co6oh 3JieKTponpOBOAflmHM CBfl3yK>mHM MaTepnajiOM, a 
KpbiuiKa BbinojiHeHa b BHAe njiacTHHbi c yrjiy6jieHHeM jinn KpHCTajuia MC h 
OTBepcTRHMH no nepH(j)epHH, nepe3 KOTopbie nponymeHbi uiTbipbKH BbiBOAHbix 
KOHTaKTOB, o6pa3yiomafl BMecTe c ocHOBaHHeM 3aMKHyTbiH o6beM 
KpHCTajuia MC, 3amnmeHHbiH ot BHeixmnx bo3A^hctbhh; 

a TaKace TeM, hto MeTajuiH3HpoBaHHbie OTBepcTHfl b HOCHTejie j\nsi koh- 

TaKTHblX y3J!OB 5 COeAMH^HOlUHX KOHTaKTHbie njiomaAKH KpHCTajuia MC C TOKO- 

BeAymMMH Aopo^cKaMH Ha nOBepXHOCTH HOCHTejifl, BbinojiHeHbi b 4>opMe yce- 

HeHHblX KOHyCOB HJ1H UHJIHHApOB, OCHOBaHHfl KOTOpblX oGpailjeHHbie K KOH- 

TaKTHbiM njiouuaAKaM KpHCTajuia MC o6pa3ytOT c hhmh ctwkh, 3anojiHeHHbie 

3JieKTpOnpOBOA5imHM CBH3yK)lHHM MaTepHaJlOM, a BepXHHeOCHOBaHH^ HMdOT 
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MCT3JlJlH3HpOBaHHbie 060AKH HO HX nepH(J)epMH, CB«3aHHbie C TOKOBe^ymHMH 

Aopo>KKaMH; 

a TaioKe tcm, mto MeTajuiH3MpoBaHHbie OTBepcTHfl b HOCHTejie jmn koh- 

TaKTHblX y3J!OB, C0eflHH5IK)lUMX TOKOBeflyLUMe flOpO>KKH CO ILITbipbKaMH BblBOA" 
HblX KOHT3KTOB, BbinOJlHCHbl B BHfle yCeMeHHblX KOHyCOB MJ1H UHJIHHflpOB C Me- 
TaJlJlH3HpOBaHHbIMH o6oAKaMH nO BepXHHM H HH7KHHM TOpijaM, npHMCM BepX- 

HHe TOpubi cBH3aHbi nocpeACTBOM MCTajuiH3HpoBaHHbix o6oakob no nepH(J)e- 
pHH c TOKOBe,aymHMM Aopo>KKaMH, a iiiTbipbKH BbiBOAHbix KOHTaKTOB pa3Me- 

meHbl B MeTaJlJlH3MpOBaHHbIX OTBepCTMMX C 3a30paMM, 3anOJlHeHHblMH 3JieK- 

TponpoBOA^mMM CB^3yiomHM MaTepnajioM; 

a TaK^ce tcm, hto OAHOKpHCTajibHbiH MOflyjib coflep^cHT paMKy, pa3Me- 

lUeHHyiO MOKJiy HOCHTeJieM M KpbllJJKOH, BbinOJIHCHHyK) H3 H30JI*UHOHHOrO Ma- 

TepHajia c okhom jxsix KpHCTajma h OTBepcTRHMH b KoopAHHaTHOH ceTKe, COB- 
naflaiomeii c KoopAHHaTHOH cctkoh oTBepcTHH b ocHOBaHHH, nepe3 KOTopbie 
nponymeHbi iirrbipbKH BbiBOAHbix KOHTaKTOB, a KpbimKa BbinojiHeHa b bhjxq 

nJlOCKOH nJiaCTHHbl, npH 3TOM OCHOBaHHe, HOCHTCTlb, paMKa H KpblLUKa njlOTHO 

npMJieraiOT Apyr k Apyry h cKpenjieHbi Me>KAy co6oh; 

a TaK>Ke tcm, hto Ha BepxHioio h hh^chk>k) noBepxHocTH paMKH HaHece- 
Hbi TOKonpoBOflMmHe noKpbiTHA, H30JiHpoBaHHbie Apyr ot Apyra, a OTBepcraa 

AJlfl UlTbipbKOB BblBOAHblX KOHTaKTOB - MeTaJlJlH3HpOBaHbl H HM6K3T MeTaJIJIH- 

3HpoBaHHbie o6oakh, npHMCM OAHa rpynna MeTajuiH3HpoBaHHbix OTBepcTHH 
H30JiHpoBaHa ot TOKonpoBOA^mHX noKpbiTHH h Ha BepxHefi, h Ha HH^CHefi no- 
BepxHOCTHx paMKH, BTopaa rpynna MeTajuiH3HpoBaHHbix OTBepcran H30Jinpo- 
BaHa ot TOKonpoBOA^mero noKpbirafl Ha BepxHefi noBepxHocra h sjieKTpHHe- 

CKH CBfl3aHa C TOKOnpOBOA^lllHM nOKpblTHCM Ha HH>KHCH nOBepXHOCTH paMKH, a 

TpeTba rpynna MeTajuiH3HpoBaHHbix OTBepcTHH H3o;iHpoBaHa ot TOKonpoBO- 
A^mero noKpbiTHH Ha hh>khch noBepxHocTH h 3JieKTpHHecKH CBH3aHa c toko- 

npOBOA^lUMM nOKpblTHCM Ha BepXHeft nOBepXHOCTH paMKH, npH 3TOM toko- 
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npoBOA*iUHe noKpwTH» Ha BepxHefi h hhjkhch noBepxHOCTax paMKH Hcnojib- 
3yK>TCfl b KanecTBe uihh nHTaHMH hjih 3cmjih; 

a TaK)Ke TeM, hto ocHOBaHHe m KpuiuKa H3 roTO b ji e h bi M3 ajieicrponpoBO- 
Afliuero MaTepHana, a hx noBepxHOCTH h BbinojiHeHHbie b hhx OTBepcraa no- 
KpuTbi H30JiflUHOHHbiM MaTepMajioM; 

a TaiOKe TeM, HTO Ha HOBepXHOCTflX OCHOBaHHH H KpblllJKH, BbinOJIHeHHblX 

H3 3jieKTpoH3OJiJmH0HH0ro MaTepHajia, HaHeceHbi TOKonpoBOA*ui.He noKpbiTHH, 

a OTBepCTHfl AJlfl UJTbipbKOB BblBOflHblX KOHT3KTOB, BbinOJIHeHHbie B OCH0B3HHH 
H KpbllllKe - MeTaJlJlH3HpOBaHbl H H30JlHpOBaHbI OT TOKOnpOBOAAlUHX nOKpblTHH 
Ha nOBepXHOCTJIX OCHOBaHHH H KpblllJKH; 

a TaK^e TeM, hto ojxhsl rpynna uiTbipbKOB bmboahmx koht3ktob 3JieK- 
TpHHecKH cBH3aHa c TOKonpoBCwnnHM MaTepHanoM ocHOBaHH», Apyraa rpynna 

UJTbipbKOB BblBOIlHblX KOHT3KTOB - C TOKOnpOBOAJHJl,HM MaTepHaJlOM KpblllJKH, a 

TpeTbfl rpynna UJTbipbKOB BbiBOflHbix kohtsktob H30JiHpoBaHa h ot ochob3hhs, 

H OT KpblUJKM; 

a TaK^ce TeM, hto ocHOBaHHe Hcnojib3yeTCfl b KanecTBe uiHHbi «3eMJiH» h 

SJieKTpHHeCKH CBS38H0 C COOTBeTCTByK>LU,HMH UJTbipbKaMH BblBOflHblX KOHTaK- 
TOB H KOHT3KTHblMH HJlOUjaAKaMH KpHCTaJlJia HC, 3 KpbHJJKa - B K3HeCTBe UJH- 
Hbl «nHTaHHfl» H 3JieKTpHHeCKH CB*3aHa C COOTBeTCTByiOmHMH UJTbipbKaMH 
BblBOflHblX KOHT3KTOB H KOHT3KTH UMH nJlOmaAKaMH KpHCTaJlJia MC H Hao6o- 

poT; 

a TaK>Ke TeM, hto ocHOBaHHe h KpuiuKa Hcnojib3yiOTCJi b KanecTBe 3Kpa- 
Ha AJia 3amHTbi KpHcranjia MC ot bhcijjhhx 3jieKTpoMarHHTHbix nojieft h H3Jiy- 

HeHHH, a TaK>Ke BHCIJJHHX KOMnOHeHTOB OT B03AeHCTBHfl SJieKTpOMarHHTHblX 

nojiefi h H3AyHeHHH KpHcranjia MC; 

a TaK)Ke TeM, hto KpbiniKa njioTHO npHJieraeT k TbiJibHoii CTopoHe KpH- 

crajuia MC; 

a TaKHCe TeM, HTO HOCHTeJIb BbinOJIHeH Ha OCHOBe H3 nOJIHHMHAHOH 
nJieHKH H MHOrOCJlOHHblM; 
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a TaiOKe TCM, MTO B KOHUaX BblBOAHblX KOHTaKTOB, npoTHBonojioacHbix 
KOHUaM KOHTaKTOB, B3aHMOACHCTByK)lHHX C KOMMyTaUMOHHOH nJiaTOH, BbinOJl- 

HeHbi OTBepcTH^, rjiy6MHa w AnaivieTp KOTopbix o6ecneHHBaioT conpa>KeHHe c 

OTBeTHblMH KOHTaKTaMM, BbinOJlHCHHblMH B 4>OpMe HITbipbKOB; 

a TaK^ce tcm, hto b nojiocTH 3aMKHyToro o6beMa ann KpMCTajuia MC pa3- 
MemeH HanojiHHTejib H3 H30Ji^uHOHHoro MaTepwajia, KOTopbiH mokgt 6biTb Te- 
ruionpOBOAHbiM. 

H3o6peTeHHe HJiJiK>cTpHpyeTCfl nepTOKaMH, Ha KOTOpbix H3o6pa>KeHbi: 

- Ha Ohi\1 - OAHOKpHCTanbHbiM Mo^yjib c KpbiniKOH, HMeiomefl yrjiy6- 
jieHne A-nw pa3MeLueHHH KpHCTajina MC; 

- Ha 0HT.2 - OAHOKpHCTaJlbHblH MO^yJlb C KpblUJKOH, COCTOfllUCH H3 

AByx fleTajiefi: paMKH h iuiockom KpbimKH; 

- Ha OHr.3 - 4>parMeHT OAHOKpncTanbHoro MOAyJia, HJiJiiocTpHpyiomHH 

KOHCTpyKUHHD H B3aHMO^eHCTBHe 3J1CMCHTOB KOHTaKTH blX y3J!OB, npHHCM Me- 
TaJlJlH3HpOBaHHOe OTBepCTHe JXJISi UJTbipbKa BblBOAHOrO KOHTaKTa BbinOJIHeHO B 

4>opMe yceneHHoro KOHyca; 

- Ha 0hi\4 - to >Ke, hto Ha <t>Hr.3, ho MeTanjiH3HpoBaHHoe OTBepcrae 
A-na uiTbipbKa BbiBO^Horo KOHTaKTa BbinojiHeHO b 4>opMe uHJiHH^pa; 

- Ha <t>HI\5 - OAHOKpHCTanbHbiM MOAyJlb, B KOTOpOM KpblLUKa nJlOTHO 

npH^caTa k TbiJibHofi cTopoHe KpMCTajuia HC, paMKa hmcct MeTajuiH3HpoBaH- 

Hbie nOBepXHOCTH «3eMJ151» H «nHTaHHe» > a BepXHHe TOpUbl LUTbipbKOB BblBOA" 
HblX KOHTaKTOB HMCH3T aKCHaJlbHbie OTBCpCTHfl RJIX B3aHMOACHCTBH5I C KOHTaK- 
TaMH LHTbipbKOBOrO THFia. 

OAHOKpHCTaJlbHblfi MOAyJlb (OHr.l) COflep^CHT OCHOBaHHe 1 1, B KOTOpOM 

b OTBepcTH^x 20, pa3MemeHHbix no nepn^epHH ocHOBaHHH b 3aAaHHOH Koop- 
AHHaTHOH ceTKe, 3aKpenjieHbi BbiBOAHbie KOHTaKTbi 2, BbinojiHeHHbie b bhac 

llJTbipbKOB. Co CTOpOHbl LUTbipbKOB BblBOAHblX KOHTaKTOB 2 Ha OCHOBaHHH 

pa3MemeH h 3aKpenjieH, HanpHMep, nocpeACTBOM KJieeBOH komho3huhh 8 ho- 
CHTejib 3, BbinojiHeHHbiH H3 njieHOHHoro H30Ji«UHOHHoro MaTepnajia, b Kaneer- 
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Be KOToporo mojkct 6biTb Hcnojib30BaHa, HanpHMep, nojiHHMHAHaa njieHKa. Ha 
BepxHeH noBepxHOCTH hochtcjia 3 pacnojio)KeHbi TOKOBeAymne Aopo>KKH 5, 

KOTOpbie B UeHTpaJlbHOH HaCTM HOCHTeJlfl 3JieKTpH4eCKH CBfl3aHbI C KOHTaKT- 

HbiMH njioma^KaMH 1 KpHCT&ruia 4 Mepe3 nocpeACTBO KOHTaKTHbix y3JioB 6 

OpHrHHaJlbHOH KOHCTpyKUHH, C<j>OpMHpOBaHHbIX B KOOpAHHaTHOH CeTKe KOH- 

TaKTHbix njiomaaoK 1 xpHCTaruia 4. Ha nepH^epHH HOCHTejm MeTajuiH3Hpo- 

BaHHbie AOpOJKKH 5 CBJ13aHbI C UJTbipbKaMH BblBOAHblX KOHT3KTOB 2 Hepe3 nO- 
CpeACTBO OpHrHHaJlbHblX KOHTaKTHblX y3J10B 7, C(J)OpMMpOBaHHblX B KOOpAH- 
HaTHOH ceTKe liJTbipbKOB. KpHCTanji 4 npHKpenjieH k hhjkhch CTopoHe hochtc- 
jifl 3 nocpeACTBOM, HanpHMep, KJieeBofi kom n 03H u,h h 9. 

UlTbipbKH BblBOAHblX KOHTaKTOB 2, pa3MemeHHbie Ha OCHOBaHHH 11, 

nponyiueHbi nepe3 oTBepcTHa 21 b KpbiiiiKe 12, BbinojiHeHHbie b koopahhsthoh 
ceTKe oTBepcTHfl 20 ocHOBaHHfl 11, KOTopaa njiOTHO npnaoTa k hochtcjiio 3. 
Pa3Mepu yrAy6jieHHfl b ueHTpajibHOH Hacra KpbiiiiKH 12 cooTBeTCTByioT ra6a- 
pHTaM KpHCTanAa 4. OcHOBaHHe 1 1 h KpbiiiiKa 12 o6pa3yiOT 3aMKHyTbiH o6beM 

AJlfl 3aiUHTbI BHyTpeHHeH HaCTH MOAyjia C KpHCTaJlJlOM 4 OT BHeiUHHX B03AeH- 

ctbhh. YKa3aHHbiH o6beM 3anojiHeH repMeTH3HpyiomHM KOMnayHAOM 10, ko- 
Topbift o6ecneHHBaeT AonojiHHTejibHyio 3amHTy KpHCTamia 4 h yjiyniuaeT Tep- 
MOMexaHHHecKHe XapaKTepHCTHKH MOAyJiH- 

. Ha OHr.2 npHBeACH BapHaHT HcnojweHHsi oAHOKpncTajibHoro MOAyJia, b 

KOTOpOM, B LjejlflX yjiyHUJeHHfl TeXHOJIOTHMHOCTH H3rOTOBJieHHJI MOAyJifl, 

KpbiiiiKa BbinoAHeHa H3 AByx AeTajiefi: co6ctbchho KpuiuKH 12 b bhac fijiockoh 
njiacTHHbi c oTBepcTHAMH 22, BbinojiHeHHbiMH b KOopAHHaTHoft ceTKe OTBep- 

CTHH 20 OCHOBaHHH 1 1, H paMKH 13 C OKHOM aji« KpHCTaJlAa 4, TaK>Ke C OTBep- 
CTHHMH 21. TeM CaMblM KOHCTpyKUHfl OCHOBaHHH H KpblHIKH He TOAbKO yHH^H- 
UHpyeTCJI, HO H nOHBAfleTCfl B03M05KH0CTb, BbinOJIHHB OCHOBaHHe 1 1 H KpbllllKy 

12 H3 3AeKTpo- h TenjionpoBOA»mero MaTepnana c 3JieKTpoH30JumHOHHbiM no- 

KpblTHeM H 3JieKTpHHeCKH CBfl3aB OAHy rpynny UJTbipbKOB BblBOAHblX KOHTaK- 

tob c 3jieKTponpoBOA»mHM MaTepnajioM OCHOBaHHH 11, BTopyio rpynny 
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ujTi*ipbKOB - c 3JieKTponpoBOA^mHM MaTepHajioM KpbiiuKH 12, a TpeTbio rpyn- 

ny LUTblpbKOB H30JlHpOBaB OT OCHOBaHHfl H KpblllIKH, HCnOJlb30BaTb OCHOBaHMe 

1 1 h KpbiuiKy 12 cmHOBpeMeHHo: b KanecTBe uihh «3cmjim» m «nHTaHHe», b Ka- 
necTBe 3KpaHa ot bhcujhhx noMex j\nn KpHcrajuia 4, a TaKace b KanecTBe Ten- 
jiootboahiiihx 3JieMeHTOB j\nn 3(|)4)eKTHBHoro otboas M36biTOHHoro Tenna KpH- 
CTajuia MC. 

Ha <t>Mr.3 npHBC^eH (J)parMeHT oAHOKpHCTajibHoro MO^yjiM c yxpynHeH- 
HbiM H3o6pa>KeHHeM KOHTaKTHbix y3JioB 6 h 7 h TOKOBeAymeH AOpO>KKH 5. 

MeTaJiJiH3HpoBaHHbie OTBepcTMH 14 m 17 BbinoJiHeHbi b (^opMe yceneH- 
Hbix KOHycoB, o6pa3yK>mHX bopohkh j\nsi 3anojiHeHH5i 3JieKTponpoBOA«mHM 

CB>I3yK)mMM BeiUeCTBOM 16 H 19, COOTBeTCTBeHHO. TeM CaMbIM yBeJlMHHBaeTCJl 
nJlOmaAk KOHTaKTHpOBaHH5I 3JieiVieHTOB KOHTaKTHblX y3J!OB 6 H 7, H, cjieAOBa- 
TeJlbHO, yjiyMUiaeTC5! HaAe^KHOCTb KOHTaKTHblX y3J!OB H cJ)yHKUHOHMpOBaHMa 

OAHOKpMCTajibHoro MOAyJifl B ucnoM. 

Ha Omt.4, b KanecTBe npHMepa, npHBeAeH 4)parMeHT OAHOKpHCTajibHoro 

MOAy-fl^, BbinOJIHeHHOrO C MeTaJlJIH3HpOBaHHbIM OTBepCTHeM 17 b 4>opMe UM- 

jiHHflpa c MeTaJuiH3HpoBaHHbiMH oGoAKaMH 18 Ha BepxHefi h HH^KHei* noBepx- 
hoctjix HocHTejiJi 3. Hepe3 MeTajuiH3HpoBaHHoe oTBepcTMe 17 nponymeH, c 3a- 
3opoM, uiTbipeK 2 BbiBOAHoro KOHTaicra, a caM 3a3op 3anojiHeH 3jieKTponpoBo- 
A^iumm cBfl3yiomHM MaTepHanoM 19. Taicafl (J)opMa MeTajuiH3MpoBaHHoro ot- 
BepcTHa 17 TaK>Ke o6ecneHHBaeT BbicoKyio HaAe>KHOCTb KOHTaKTHoro y3Jia 7. 

Ha Onr.5 npoHJiJiiocTpHpoBaHbi cjieaywiuMe bo3mo>khocth KOHCTpyK- 

UMM OAHOKpHCTaJlbHOrO MQJ\yi\5i\ 

- paMKa 13 HMeeT MeTajuiH3MpoBaHHbie OTBepcTHfl 22 b xoopAHHaTHOH 

CeTKe, COBMeCTHMOH C OTBepCTHflMH 20 H 2 1 RIIX UUTbipbKOB 2 BblBOAHblX KOH- 

TaKTOB b ocHOBaHHM 1 1 m KpbiuiKe 12, npHHCM oflHa rpynna MeTajuiH3HpoBaH- 
Hbix OTBepcTMH 22 3JieKTpHHecKH CBA3aHa TOJibKO c 3JieKTponpoBOA^uUHM no- 
KpbiTHCM 15 Ha BepxHefi noBepxHOCTH paMKH 13, apyran rpynna OTBepcTMH 22 

3JieKTpHHeCKH CB5I3aHa TOJibKO C 3JieKTpOnpOBOAfliUHM nOKpblTHeM 16 Ha HH)K- 
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Hefi noBepxHoc™ paMKH 13, a OTBepcraa 22 TpeTben rpyniibi H30JiHpoBaHbi 
Kax ot BepxHero 15, TaK h ot hm^khcto 16 3JieKTponpoBO ( a r flmHX noicpbiTHH; TeM 
caMbiM BepxHee 15 h HH>KHee 16 3JieKTponpoBO,nflmHe noicpbiTHfl paMKH 13 bm- 

nOJlRflK)T (|)yHKUMH 11IHH «3CMJlfl» H «riHTaHHe» H CBH3aHbI C COOTBCTCTByiOIUH- 
MH KOHTaKTHblMH nJlOma^KaMH KpHCTaJlJia HC H LUTblpbKaMH BblBOflHblX KOH- 
TaKTOB, a MeTaJLJlH3MpOBaHHbie OTBepCTHH 22 B paMKe 13, H30JlHpOBaHHbie OT 

o6eHX noKpbiTHH 15 m 16, cB»3biBaK)T MOK^y co6oh CMrHajibHbie KOHTaKTHbie 

nJlOmaflKH KpHCTaJlJia C COOTBCTCTByiOmHMH lllTbipbKaMH BblBOflHblX KOHTaK- 

tob; TeM caMbiM cymecTBeHHO yjiynmaeTCfl KanecTBO noflBOfla 3Jieicrpo3HeprHH 
k KpHCTanjiy h o6ecnenHBaeTCH 6ojiee KanecTBeHHaa pa3B5i3Ka CHrHajibHbix to- 
KOBeaymHX aopo^ceK h iiihh «3eMJia» h «nHTaHHe», hto b uejiOM o6ecneHHBaeT 
cymecTBeHHoe yjiymueHHe nacTOTHbix xapaKTepMCTHK OAHOKpncTajibHoro mo- 
Ayjia; 

- ocHOBaHHe 11 h KpbiuiKa 12 BbinojiHeHbi H3 3JieKTpo- h TenjionpoBOA- 
Horo MaTepnajia c 3JieKTpoH30JiHpyK>mHM noKpbiTHeM (HanpHMep, H3 okchah- 
poBaHHoro ajiioMHHH^) h BbinojiHJiioT pojib 3KpaHa, 3amnmaiomero KpHCTajin 
HC ot BHeuiHHX 3JieKTpo- h pa^HonoMex, o6jiaAaiomero bmcokhmh TeruioBbi- 
mh xapaicrepMCTHKaMM npn OTBO^e ot KpHCTaJlJia M36biTOHHoro Tenjia; 

- B yTOJimeHHJIX 23 Ha KOHUaX LUTblpbKOB 2 BblBOflHblX KOHTaKTOB, CO 
CTOpOHbl, npOTHBOnOJlOKHOH HaCTflM lllTbipbKOB, B3aHMOACHCTByK>mHM C KOM- 

MyTauHOHHOH njiaTOH, MoryT 6biTb BbinojiHeHbi OTBepcraH 14, no rjiy6HHe h 
AMaMeTpy cooTBeTCTByiomMe OTBeTHbiM KOHTaKTaM, BbinojiHCHHbiM b 4>opMe 

HITblpbKOBJ 

- KpbiuiKa 12 BbinojiHeHa H3 TennonpoBOAHoro MaTepnajia h BnjiOTHyio 
npM^caTa k TbuibHOM CTopoHe KpHCTajuia HC, oGecneHHBaa aonojiHHTejibHbiH 
OTBOfl Tenjia ot KpHCTajuia HC; 

- nojiocTb b H30JiHpoBaHHOM o6beMe ajih KpHCTajuia, o6pa30BaHHaa oc- 
HOBaHHeM 11, paMKOH 13 h KpbiiiiKOH 12, 3anojiHeHa mohojihthmm Tenjionpo- 
boa^hihm MaTepnajiOM 10, hto cymecTBeHHO yjiyniuaeT 3amHTy KpncrajiJia 4 ot 
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KJlHMaTHHeCKMX R03ACHCTBHH H BJiaTH, CnOC06CTByeT OTBOfly H36bITOHHOrO Te- 

njia ot KpHCTajuia 4 h yjiyniuaeT Tepvio-MexaHHHecKHe h npoHHOCTHbie xapaK- 

TepHCTHKH OAHOKpHCTaJlfeHOrO MOJiyJlH. 

OcHOBHbie ajieMeHTbi h AerajiH OAHOKpHCTajibHoro uojiynx B3aHMcmeH- 
CTByioT b npouecce 4>yHKUMOHHpoBaHH« cjieAyK>mHM o6pa30M (Ha npHMepe 
Ohi\3): 

CHrHaji c KOHTaKTHOH njioma^KH 1 KpHCTajuia 4 npoxo^HT nepe3 3JieK- 
TponpoBOA«mHH cB^3yioLUHH MaTepHaji 16, MeTaiuiH3HpoBaHHoe OTBepCTHe 14 
h MeTajuiH3HpoBaHHbiH o6oflOK 15 KOHTaKTHoro y3Jia 6, nepe3 TOKOBeaymyio 
Aopo^cKy 5, nepe3 MeTajuiH3HpoBaHHbiH o6oaok 18, MeTajuiH3HpoBaHHoe ot- 
BepcTHe 17 h 3JieKTponpoBOA^iHHH cB«3yiomHH MaTepnaJi 19 KOHTaKTHoro y3Jia 
7 h nocTynaeT Ha LUTbipeK 2 BbiBOflHoro KOHTaKTa, pa3MemeHHbifi b OTBep- 

CTHH 17. 

BbinojiHeHHe OAHOKpHCTajibHoro MOflyjin HC b cootbctctbhh c H3o6pe- 
tchhcm no3BOJi^eT cymecTBeHHO yjiyniiiHTb noTpe6HTejibCKHe h 3KcmiyaTauH- 
OHHbie xapaKTepHCTHKH KOpnycHpoBaHHbix HC, b t.h. Hcnojib30BaTb KpynHO- 
ra6apHTHbie KpHCTajuibi c 6ojibmHM kojihhcctbom BbiBOAHbix KOHTaKTOB, no- 
BbicHTb noMexoycTOHHHBocTb h HacTOTHbie xapaKTepHCTHKH, CHH3HTb ra6apn- 
Tbi h Bee, CHH3HTb TenjiOBbie h TepMOMexaHHnecKHe Harpy3KH Ha KpncTajm, 
noBbicHTb 3KcnJiyaTauHOHHyio Ha^eacHOCTb HC, npn 3HaHHTejibHOM chh^kchhh 
npoH3BOACTBeHHbix H3flep>KeK 3a cneT Hcnojib30BaHH^ rpynnoBbix BbicoKonpo- 
H3BOAHTejibHbix xopouio KOHTponHpyeMbix TexHOJiorHMecKHX npoueccoB H 
onepauHH c hh3khm fle(J>eKTOo6pa30BaHHeM, onpeflejiaiomHx BbicoKHH npouemr 

BblXO^a TOflHblX H3fleJlHH H HH3KyK) Ce6eCTOHMOCTb npOH3BOflCTBa OAHOKpH- 
CTaJIbHblX MOAyJieH (nO CpaBHeHHK) C CymeCTByK)mHMH KOHCTpyKUHflMH h Tex- 

HOJiorKHMH KopnycnpoBaHHM HC). 
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(PopMyjia H3o6peTeHHH 

1. OflHOKpHCTaribHbiH MOAyJife MC, coflep^camMH ocHOBaHHe c pa3Me- 
meHHbiM Ha HeM KpHCTajuioM MC c KOHTaKTHbiMH rin o ma AKaM h , CMcreMy npo- 

BOAHHKOB, COejlHH5IK)mHX, HOCpeflCTBOM 3JieMCHTOB KOHTaKTHblX y3J!OB, KOH- 

TaKTHbie ruiomaAKH KpHCTajuia MC c bmboahmmh KOHTaKTaMM, pa3MemeHHbiMH 
no nepH4>epHH ocHOBaHHfl b 3aflaHHOM KoopAHHaTHOH cerice, h KpbiniKy, o6pa- 
3yK>myio BMecTe c ocHOBaHHeM 3aMKHyTbifi o6beM jxnn KpHCTajuia, 3amnmeH- 

HblH OT BHeilJHHX B03flCHCTBHH , OTJIHHaiOiUHHCfl TeM, HTO OCHOB3HHe BbinOJIHe- 

ho b BHAe njiocKOH n^acTHHbi, Ha KOTopofi pa3MemeHbi HOCHTCJib c 3aKperuieH- 

HblM Ha HeM KpHCTaJlJlOM MC, CHCTCMOH npOBOflHHKOB, BbinOJIHeHHblX B BWflfi 

TOKOBeaymMx AopoaceK Ha noBepxHOCTH HOCHTejia, coeAHHeHHbix c MeTajuiH- 

3HpOBaHHbIMH OTBepCTRH M H B HOCHTCJie, OAHH H3 KOTOpblX, COBMeCTHO C KOH- 
TaKTHbiMH njiomaAKaMH KpHCTajuia o6pa3yK)T KOHTaKTHbie y3Jibi, coeAHHaio- 
mHe KOHTaKTHbie njiomaAKH KpHCTajuia c TOKOBeAymHMH Aopo^CKaMH Ha no- 
BepxHOCTH HOCHTejia, a Apyrae MeTajuiH3HpoBaHHbie OTBepcTHH, cobmcctho c 

BblBOAHblMH KOHTaKTaMH, BbinOJlHeHHblMH B BH#e LLJTblpbKOB, pa3MeiljeHHbIX C 
3a30pOM B MeTaJUIH3HpOBaHHbIX OTBepCTHHX HOCHTeJIfl, o6pa3yiOT KOHTaKTHbie 
y3JIbI, COeAHH^IOLUHe BblBOAHbie KOHTaKTbl C TOKOBeAyiUHMH Aopo^cKaMH Ha 
IlOBepXHOCTH HOCHTeJIH, npH 3TOM 3JieMeHTbI KOHTaKTHblX y3JIOB COeAHHeHbl 

Me^Ay co6oh 3JieKTponpoBOAfliHHM CB«3yiomHM MaTepHanoM, a KpbiuiKa Bbi- 
nojiHeHa b bhac njiacTHHbi c yrny6jieHHeM jijih KpHCTajuia h OTBepcmwMH b ko- 

OpAHHaTHOH CeTKe, COOTBeTCTByiOmeH KOOpAH H aTHOH CeTKe OTBepCTHH B OCHO- 

BaHHH, nepe3 KOTopbie nponymeHbi iiiTbipbKH BbiBOAHbix KOHTaKTOB, o6pa- 
3yK>maa BMecTe c ocHOBaHHeM 3aMKHyTbifi o6beM rjih KpHCTajuia MC, 3amn- 

lUeHHblH OT BHeilJHHX B03AeHCTBHH. 

2. O ah OKpH CTaji b h bi h MOAyjn> MC no n.l, OTJiHnaiomHHCfl TeM, hto Me- 

TaJlJIH3HpOBaHHbie OTBepCTHH B HOCHTeJie RJ1H KOHTaKTHblX y3JIOB, COeAHH^K)- 
mHX KOHTaKTHbie nJIOlljaAKH KpHCTaJlJia MC C TOKOBeAyiUHMH AOpO>KKaMH Ha 
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noBepxHOCTM HOCHTejm, BbinojiHeHbi b 4>opMe yceneHHbix KOHycoB, MeHbmne 
ocHOBaHH^i KOTopbix o6pameHbi k KOHTaKTHbiM njiomaAKaM KpHCTaruia HC h 

06pa3yK)T C HMMH CTblKH, 3anOJlHeHHbie 3JieKTponpOBOA^mHM CBfl3yK>lHHM Ma- 

TepHajiOM , a 6ojibiuHe ocHOBaHHfl hmciot MeTajuiM3HpoBaHHi>ie o6oakh no hx 

nepH^epHM, CB>!3aHHbie C TOKOBeAyUJHMH flOpO}KKaM H . 

3. Oj^HOKpHCTaJlbHblH MOAyJIb HC no n.l, OTJlMHaiOUUHHCfl TeM, HTO Me- 
TaJUIH3HpOBaHHbie OTBepCTH^ B HOCHTeJie J\J\H KOHTaKTHblX y3JIOB, COeflHHHK)- 

mHx KOHTaKTHbie miomaAKH KpncTajuia HC c TOKOBeaymHMH AopoxcKaMH Ha 

nOBepXHOCTM HOCHTCJIH, BbinOJlHCHbl B <|)OpMe UHJIHHApOB c MerajuiH3HpoBaH- 
HblMH 060flKaMH no KpaflM HX TOpueB, OAHH H3 KOTOpblX COeAHHCHbl C TOKOBe- 

AymHMH ^opo^cKaMH, a ^pyrne o6pa3yioT ctmkh c KOHTaKTHbiMH miomaAKaMH 
KpHCTajuia HC, 3anojiHeHHbie aneKTponpoBOAflmHM CB>J3yK)LUHM MaTepnajiOM. 

4. OflHOKpHCTajibHbiH Mo^yjib HC no n.l, OTJiHHaiomHHCfl TeM, HTO Me- 

TaJIJlH3HpOBaHHbie OTBepCTH^ B HOCHTeJie JXJIH KOHTaKTHblX y3J!OB, COeflHHJ«0- 
U|HX TOKOBeflyiUHe AOpO>KKH CO LUTbipbKaMH BblBOAHblX KOHTaKTOB, BbinOJlHe- 

Hbi b BHfle yceneHHbix KOHycoB, 6ojibuiHe ocHOBaHRa KOTopbix CBH3aHbi no- 
cpeACTBOM MeTajuiH3HpoBaHHbix o6oakob no nepH(J)epHH c TOKOBeaymHMH ao- 
po>KKaMH, MeHbiime ochobhhhji, c MeTajuiH3HpoBaHHbiMH oGo^KaMH HJ1H 6e3 

06OAKOB, a UITbipbKH BblBOflHblX KOHTaKTOB pa3MemeHbI B MeTaJUIH3HpOBaHHbIX 
OTBepCTHflX C 3a30paMH, 3anOJIHeHHbIMH 3JieKTponpoBOA^mHM CBfl3yK>mHM 

MaTepnajiOM. 

5. OAHOKpHCTajibHbiH MOAyJib HC no n.l, otji h h aioiijH h c% TeM, hto Me- 

TaJlJlH3HpOBaHHbie OTBepCTHM B HOCHTeJie Jljin KOHTaKTHblX y3J10B, COeAHHflK)- 
1UHX TOKOBeAyiAHe AOpOMCKH CO LUTbipbKaMH BblBOAHblX KOHTaKTOB, BbinOJIHe- 
Hbl B BHAe UHJ1HHAPOB C MeTaJlJlH3HpOBaHHbIMH o6oAKaMH HO HX TOpijaM, npH- 

neM BepxHne o6oakh CB«3aHbi c to KOBe Ay mn m h AOpoacKaMH Ha noBepxHocra 

HOCHTeJIH, a UITbipbKH BblBOAHblX KOHTaKTOB pa3MeilteHbI B MeTaJIJIH3HpOBaH- 
HblX OTBepCTHflX C 3a30pOM, 3anOJlHCHHbIM 3JieKTpOnpOBOA^lUHM CB3I3yi01HHM 

MaTepnajiOM. 
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6. OflHOKpHCTanbHbiH MOAyJib HC no n.l, OTJiHnaiomHHCfl TeM, «ito oh 
co,aep>KHT paMKy, pa3MemeHHyio MejKAy HOCHTejieM h KpbiiiiKOH, BbinojiHeH- 

HyK) H3 H30Jl«UHOHHOrO MaTepH£Uia C OKHOM flflSl KpHCTaJIJia H OTBepCTMSMH B 
KOOpflHHaTHOH CCTKe, COBnaAaK>meH C KOOpAHHaTHOH CeTKOH OTBepCTHH B oc- 

HOBaHMH, nepe3 KOTopue nponymeHbi niTbipbKH BbiBOAHbix koht3ktob, a 
KpbimKa BbinojiHeHa b BHAe njiocKofi njiacTHHbi, npH stom ocHOBaHHe, hoch- 
Tejib, paMKa h Kpuiuxa njiOTHO npHJieraiOT Apyr k Apyry h CKpemieHbi M«KAy 
co6oh. 

7. OflHOKpHCTaJlbHblH MOAyJlb MC no n.6, OTJlHHaK>mHHCfl TCM, HTO Ha 

BepxHioio h hhjkhiok) noBepxHOcra paMKH HaHeceHbi TOKonpoBOflflmHe no- 

KpblTHfl, H30JlHpOBaHHbie Apyr OT Apyra, a OTBepCTHfl A-Ha UJTbipbKOB BblBOAHblX 

KOHTaKTOB - MeTajiJiH3HpoBaHbi h HMeioT MeTajuiH3HpoBaHHbie o6oakh, npHHeM 
OAHa rpynna MeTaiuiH3HpoBaHHbix OTBepCTHH H30JiHpoBaHa ot TOKonpoBOAfl- 
uihx noKpbiTHH h Ha BepxHefi, h Ha HHHCHefi noBepxHOCTax paMKH, BTopaa 
rpynna MeTajuiH3HpoBaHHbix OTBepCTHH H30JiHpoBaHa ot TOKonpoBOA^mero 
noKpbiTHfl Ha BepxHefi noBepxHOCTH h sjieicrpHHecKH CB*i3aHa c TOKonpoBOA»- 
mHM noKpbiTHeM Ha HH5KHeK noBepxHOCTH paMKH, a TpeTbH rpynna MeTanjiH- 

3HpOBaHHblX OTBepCTHH H30JlHpOBaHa OT TOKOnpOBOAHIUerO nOKpblTHH Ha HH5K- 
HeH nOBepXHOCTH H 3JieKTpHHeCKH CBH3aHa C TOKOnpOBOAAIUHM nOKpblTHeM Ha 

BepxHefi noBepxHOCTH paMKH, npH 3tom TOKonpoBOAflmne noKpbiTHfl Ha Bepx- 
Hefi h HH^cHeii noBepxHOCTflx paMKH Hcnojib3yiOTCfl b KanecTBe uihh nHTaHHH 

HAH 3CMJ1H. 

8. OAHOKpHCTanbHbiH MOAyJib HC no n.6, OTAHnaiomHiica TeM, hto oc- 
HOBaHHe h KpbiuiKa H3nyroBjieHbi H3 3JieKTponpoBOA«mero MaTepnana, a hx 

nOBepXHOCTH H BbinOAHeHHbie B HHX OTBepCTHH nOKpblTbl H3OJI5!U,H0HHblM Ma- 

TepnajioM. 

9. OAHOKpHCTajibHbiH MOAyJib HC no n.6, oTAHnaiomHHCJi TeM, hto Ha 

nOBepXHOCTflX OCHOBaHHS H KpbHUKH, BbinOJlHeHHMX H3 3JieKTp0H30JlflUH0HH0- 

ro MaTepnajia, HaHeceHbi TOKonpoBOAflmHe noKpbiTHH, a OTBepCTHH ajm 
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UITJ>ipbKOB BblBOflHblX KOHTaKTOB, BbinOJIHeHHbie B OCHOBaHHH H KpblUJKe - Me- 
TaJIJlH3HpOBaHbI H H30JlHpOBaHbI OT TOKOnpOBOA*mHX nOKpblTHH Ha noBepxHo- 
CTflX OCHOBaHHH H KpbllJJKH. 

10. OflHOKpHCTajibHbiH MOAyjib HC no n.8, 9, OTJiHHaiomHHCfl TeM, hto 

OAHa rpynna llITbipbKOB BblBOflHblX KOHTaKTOB 3JieKTpHHeCKH CB«3aHa C TOKO- 

npoBOA^uiHM MaTepHajioM OCHOBaHHH, apyraa rpynna uiTbipbKOB BbiBOflHbix 
KOHTaKTOB - c TOKonpoBOAamHM MaTepnajioM KpbiiiJKH, a TpeTbfl rpynna 

llITbipbKOB BblBOflHblX KOHTaKTOB H30JIHpOBaHa H OT OCHOBaHHH, H OT KpbllDKH. 

11. OflHOKpHCTaJIbHblH MOflyJIb HC no n.8, 9, OTJIHHaiOmHHCfl TeM, HTO 

ocHOBaHHe Hcnojib3yeTca b KanecTBe uimhw «3eMjiH» h ajieicrpHHecKH CB5J3aHo 

C COOTBeTCTByiOlUHMH LUTblpbKaMH BblBOflHblX KOHTaKTOB H KOHTaKTHblMH 

njioma^KaMH KpHCTajuia, a KpbiuiKa - b KanecTBe iiiHHbi «nHTaHHH» h sjieicrpH- 

HeCKH CB^3aHa C COOTBeTCTByiOLUHMH LUTblpbKaMH BblBOflHblX KOHTaKTOB H 

KOHTaKTHblMH njioma^KaMH KpHCTajuia. 

12. O^HOKpHCTajibHbiii Mo^yjib HC no n.8, 9, OTJinnaiomHHCfl TeM, hto 
ocHOBaHHe Hcnojib3yeTC5i b KanecTBe iiiHHbi «nHTaHHe» h 3JieKTpHHecKH cBA3a- 

HO C COOTBeTCTByiOLUHMH LUTblpbKaMH BblBOflHblX KOHTaKTOB H KOHTaKTHblMH 

njiomaflKaMH KpHCTajuia, a KpbiuiKa — b KanecTBe uihhm «3cmjih» h ajieKTpnne- 

CKH CB*3aHa C COOTBeTCTByiOmHMH LUTblpbKaMH BblBOflHblX KOHTaKTOB H KOH- 
TaKTHblMH njioma^KaMH Kpncrajijia. 

13. OziHOKpHCTajibHbiH MOflyjib HC no n.8, 9, OTJiHHaiomHHCfl TeM, hto 
ocHOBaHHe h KpbimKa Hcnojib3yK)TC« b KanecTBe 3KpaHa rjix 3amHTbi KpHCTaji- 
Jia HC ot BHeuiHHX 3Ji e KTpOMarH hth mx nojien h H3JiyneHHH, a TaKace BHeuiHHX 
KOMnoHeHTOB ot B03fleHCTBHH 3JieKTpoMarHHTHbix nojieii H H3JiyHeHHH KpH- 
CTajuia. 

: 14. O^HOKpHCTanbHbiH MO,nyjib HC no n.l, 6, OTJiHnaiomHHCfl TeM, hto 
KpbiuiKa hjiotho npnjieraeT k TbiJibHofi CTopoHe KpHCTajuia HC. 

15. OflHOKpncTajibHbiH Mo^yjib HC no n.l, 6, OTJiHnaiomHHCfl TeM, hto 

HOCHTeJIb BblHOJlHeH Ha OCHOBe H3 nOJIHHMHflHOH nJieHKH. 
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16. OflHOKpHC-rajibHbiH Moayjib HC no n.l, 6, oTJiHnaiomHHca TeM, hto 

HOCHTeJlb BbinOJIHeH MHOrOCJIOHHblM. 

17. OflHOKpHcmnbHbiH Moayjib HC no n.l, 6, oTJiHnaiomHHCfl TeM, hto b 

KOHUaX BblBOAHblX KOHT3KTOB, npOTHBOnOJIOKHblX KOHljaM KOHTaKTOB, B3aH- 

MOfleiicTByiomHx c KOMMyTauMOHHoii njiaTOH, BbinojiHeHbi OTBepcTna, rjry6nHa 
h AHaMeTp KOTopux o6ecneHHBaK)T conpjDKeHHe c otbcth wmh KOHTaicraMH, 

BbinOJIHeHHblMH B (J)OpMe IIITbipbKOB. 

18. OflHOKpHCTajibHbiH Moayjib HC no n.l, 6, 7, OTJiHnaiomHHca TeM, 
hto b nojiocTH 33MKHyToro o6beMa fljifl KpHCTajuia MC pa3MemeH HanojiHHTejib 
H3 H30Juiu.HOHHoro MaTepHana. 

19. OflHOKpHCTajibHbifi MOAyJ«> MC no n.l 8, oTJiHnaiomHHCfl TeM, hto b 
KanecTBe HananHHTejm Hcnojib3yeTca TenjionpoBOflHbiH MaTepHan. 

20. OflHOKpHCTaJlbHblH MOAyJlb MC no n.l, OTJIHHaK>m.HHCH TeM, HTO oc- 

HOBaHHe h KpwiuKa BbinojiHeHbi H3 MaTepnana c bmcokoh TenjionpOBOflHOCTbio. 




to 
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<t>Hr.3 




Ohi\4 



2! 

Pe4>epaT 

M3o6peTeHHe othochtca k ajieMeHTHOH 6a3e MHKp03JieKTpOHHOH anna- 

paiypbl, a KOHKpeTHO, K OflHOMy H3 BaHCHeHUIHX 3116^4611X08 MHKp03JieKTpOHHOH 

annapaTypw - KopnycHpoBaHHOMy KpHCTajuiy HC (oflHOKpHCTajitHOMy Moay- 
nio HC) h MO^ceT iiiHpoKO Hcnojib30BaTbCH npH npOeKTHpOBaHHH H npOH3BOA~ 
CTBe 3JieiapoHHOM annapaTypbi pa3JiMHHoro Ha3HaneHHfl. 

OAHOKpHCTaJlbHblH MOAyJlb MC COAep^CHT KOpnyC, BKJIK)HaK)mHH OCHO- 

BaHHe (11), BbinojiHeHHoe b BH^e njiocKOH njiacraHbi c OTBepcTH^MH (20) no 
nepHc^epHH b 3a£aHH0H Koop^HHaTHOH ceTKe, b KOTopbix 3aKpenjieHbi uiTbipb- 

KH (2) BblBOAHblX KOHTaKTOB, Ha KOTOpOM 3aKpenJieH HOCHTCflb (3) C KpHCTaJl- 
JIOM HC (4) H TOKOBeAyiUHMH flOpOttCKaMH (5), COeflHHHlOmHMH MeTaJlJIH3HpO- 

BaHHbie oTBepcTH* (14, 17), BbinojmeHHbie b HOCHTejie (3), oahh H3 KOTopbix 
(14), coBMecTHO c KOHTaKTHbiMH njiomaAKaMH (1) KpHCTanjia (4) o6pa3yiOT 
KOHTaKTHbie y3Jibi (6), coeflHHflioiuHe ynoMAHyTbie KOHTaKTHbie njiomaflKH 

KpMCTaJIJia MC C TOKOBeflymHMH flOpO>KKaMH (5) Ha nOBepXHOCTH HOCHTeJlfl (3), 

a apyrne MCTajuiH3HpOBaHHbie OTBepcTH* (17), cobmcctho co iHTbipbKaMH (2) 

BblBOflHblX KOHTaKTOB, pa3MCUieHHbIMH C 3a30pOM B MeTaJIJIH3HpOBaHHbIX OT- 

BepcTH^x (17) HOCHTejie (3), o6pa3yK>T KOHTaKTHbie y3Jibi (7), coeAHHaioiime 

LUTblpbKH (2) BblBOflHblX KOHTaKTOB C TOKOBeflymHMH flOpO>KKaMH (5) Ha nO- 
BepXHOCTH HOCHTeJIH (3). 3jieMCHTbI KOHTaKTHblX y3J!OB (6, 7) COeAHHeHbl Me- 
yKfly C06OH 3JieKTponpOBOfl^LHHM CB^3yK>mHM MaTCpHaJIOM (16, 19). HocHTejib 
(3) C KpHCTaJlJlOM (4) 3aKpbITbI C KpbllHKOH (12), BbinOJIHeHHOH B BH^e nuacTH- 

Hbi c yrjiy6jieHHeM b ueHTpajibHoii nacTH w% KpHCTajuia MC (4) h oTBepcTHa- 
mh (21), pa3MemeHHbiMH no nepHc^epHH KpbiniKH b KOOpflHHaTHOH ceTKe, COB- 

na^aiOmeH C KOOpflHHaTHOH CCTKOH OTBepCTHH (20) OCHOBaHHH (11), npHHCM 
Hepe3 3TH OTBepCTH^ npOnymeHbl UITbipbKH (2) BblBOAHblX KOHTaKTOB. KpbllllKa 

(12) BMecTe c ocHOBaHHeM (11) o6pa3yiOT 3aMKHyTbiii o6beM /via KpHCTajuia 
MC (4), 3aiJHHmeHHblH OT bhciuhhx bosachctbhh. 
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* B flpyroM BapnaHTe KpbiiuKa (12) mohcct 6i>iTb BbinojiHeHa b BH^e iuio- 
ckom njiacTHHbi, a Meagiy Heft h HOCHTejieM (3), 3aicpenjieHHbiM Ha ocHOBaHHH 
(11), pa3MemeHa paMKa (13) c okhom jxjih KpHCTajuia (4) h OTBepcTRHMH (22) no 
nepH^epHH b KOopflHHaTHOH ceTKe, coBnaflaiomeH c KOop^HHaTHOH ceTKOH ot- 

BepCTHH (20) H (21) B OCHOBaHHH (1 1) H KpbllUKe (12) COOTBeTCTBCHHO. OCHO- 

BaHHe (11), paMKa (13) h KpbiuiKa (12) MoryT BbinojmaTbCfl H3 3JieKTponpoBO- 
aaiuero MaTepHana c 3JieKTpoH30JifluoHHbiM noKpbiTHCM hx noBepxHOCTefi, 
BKJiioHaa BHyTpeHHHe nosepxHOCTH oTBepcTHH. ripH TaxoM BapnaHTe Bbinoji- 
HeHHH MOAyjia ocHosaHHe (11) MO^ceT 6biTb HcnoJib30BaHO b KanecTBe iiihhm 
3eMJiH, a KpbimKa (12) - iuhhw nHTaHHH h Hao6opOT. KpoMe Toro, 3th >Ke 3Jie- 
MeHTbi MOAyjia MoryT Hcnojib30BaTbCJi b KanecTBe 3KpaHa ajia 3am,HTbi icpn- 
cTaJiJia MC (4) ot bhciiihhx 3JieKTpoMarHHTHbix nojiefi h H3Jiy4eHHH. 3th >Ke 
3jieMeHTbi MOAyJi*, BbinojiHeHHbie H3 MaTepnana c BbicoKOH TenjionpoBO^HO- 
CTbK>, MoryT Hcnojib30BaTbC5i jinn oTBO^a ot KpHCTajuia HC (4) H36biTOHHoro 
Tenjia. 



